One of the issues in the aluminum-alloy die casting industry is the space occurring inside the casting, and the improvement of the verification technology is expected. The purpose of this research is to seal holes inside the aluminum metal by resin and verify them by photon-counting X-ray computed tomography (CT) using an energy-discrimination 64-channel cadmium-telluride (CdTe) line detector. Moreover, it is important to estimate the image of the effective atomic number and the electronic density by the energy mapping of the attenuation coefficient utilizing photon-counting X-ray CT to distinguish both the aluminum metal and the resin filler in the aluminum hole. As a result, the energy discrimination of the resin filler in the space of aluminum casting has been attained. We could observe the atomic number image utilizing dual-energy X-ray CT method with the 64-channel CdTe photon-counting detector.
Introduction
In the aluminum-alloy die-casting industry, the impregnation is one of the countermeasures for the space occurring inside the casting. Considering assurance of product quality, it is needed to evaluate whether the impregnation is adequate. However, it is a current state to rely on only the pressure inspection. In the pressure inspection, the sealing of one hole may guarantee the safety of many holes, and it is impossible to evaluate all the holes sealed by fillers. The size of hole is analogized according to the difference of the leak rate by the prior pressure inspecttion in the case of heavy leakage. However, it tends to be excluded from the impregnation processes.
In X-ray computed tomography (CT) image of the metal including aluminum, the deterioration of both the images caused by the Compton scattering and the beam hardening exists. Using the energy-discrimination photon-counting cadmium-telluride (CdTe) detector [1] developed in our laboratory, it was clarified to be able to remove the influence of Compton scattering without using X-ray photons below 40 keV and to suppress the image deterioration by beam hardening using photon-energy information. Mapping of effective atomic number and electron density using energy information had been reported [2] . With the eliminating beam hardening method and the mapping of the effective atomic number and the electron density, an X-ray CT system is expected to have capability for measurement. In this study, we verified both the sealing of hole in the aluminum metal casting goods and the impregnant material using the photon-counting X-ray CT.
Experiment

Impregnation
Using vacuum-dip-pressure method (MIL-1-6968) as the impregnation. Setting the sample in a pressure vessel, and the pressure is decreased to 65 Pa and is held at 65 Pa during 5 min. After immersion of the impregnating solution, the pressure is increased up to 0.4 MPa and is held during 5 min to seal holes. Next, the sample is removed from the pressure vessel after releasing air, unnecessary impregnant is wiped, and then the sample is warmed up to 95˚C using a dryer to during 1 hour. The sealing of the sample is checked before the measurement using the CT. The samples are made from aluminum diecasting alloy of ADC 12 , and the impregnant material is methacrylate resin (C 6 H 10 O 3 ).
X-Ray CT
The experiment was executed by scanning samples with a 64-channel CdTe line sensor (Hamamatsu), which consisted of 64 elements aligned side by side at intervals of 0.2 mm [1] . The measurement system is shown in Figure 1 .
The rotation speed was 90 s for 360˚ (450 steps). Samples were inspected using the X-ray CT with a photonenergy-range from 40 to 150 keV. After sinogram was built, the CT images were reconstructed using the back projection filtered method [3] . With these CT images, the material identification by dual-energy X-ray CT (DXCT) was carried out. Mapping of the effective atomic number and the electron density is led as below [2] . When the two linear attenuation coefficients μ(E 1 ) and μ(E 2 ) corresponding to the different photon energies E 1 and E 2 are obtained from the CT images, the effective atomic number Z to the 4th power Z 4 is given by the following equation:
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where G(E, Z) is the electron cross section according to scattering term, and F(E, Z) is the photo electric effect. The effective atomic number Z is obtained first by iterative algorithm, and then the electron density ρ e is determined by [4, 5] :
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Results and Discussion
Both the CT image and the effective-atomic-number mapping of aluminum sample 1 are shown in Figure 2 . In sample 1, the effective atomic numbers of the aluminum-die-cast part and the impregnated part were 12.2 and 7.6, respectively. The error rate of the aluminum was 6%.
As the effective atomic number of methacrylate resin (C6H10O3) was 6.58 with an error rate of about 13 %.
Given that the effective atomic number obtained by a photon counting X-ray CT system includes error around 1.0 [2] , these results indicates that aluminum and methacrylate resin were identified. The CT image of sample 2 is shown in Figure 3(a) , and expanded image is Figure 3(b) . In Figure 3(b) , a part indicated by arrows is darker than surroundings, and it indicates that the part is of different material from impregnant resin or aluminum. The CT value at the solid line in the image is plotted in Figure 3(c) . The CT is performed by magnification method shown in Figure 4 , and the distances between the X-ray tube and the sample are shown in Figures 4(a) and (b) . The diameter of hole observed in Figure 3(b) is derived as 1.1 mm by the number of pixel shown in Figure 3(c) and the magnification rate in Figure 4 .
The leakage quantity Q (ml/min) as a function of the average diameter of the hole in the aluminum die-casting is led by the equal of Hagen-Poiseuille equation:
where D (cm) is the average diameter of hole in the aluminum die-casting, ΔP (Pa) is the pressure difference or the inspective air pressure, η is the viscosity coefficient (1.81 × 10 −5 Pa·s at 20˚C), and L (cm) is the length of tube or the hole. As the result of measurement, the Q of sample
Conclusion
This study has proved that it is possible to distinguish between impregnant and aluminum, through the material identification by DXCT. Without using low-energy photons below 40 keV, and by using the energy information, both the image deterioration by Compton scattering and the effect of beam hardening were reduced successfully, and the void space inside the hole of aluminum diecasting was captured clearly. As the results, the discrimination between the metallic material (aluminum) and the resin was performed from the experiment with sample1, and the hole diameter in sample 2 from X-ray CT image was close to the calculated value from the pressure measurement. It is usually possible to seal the hole by acrylic resin impregnation in near 100% ratio, but this sample 2 is still not sealed completely. The resin impregnation has the centrifuging and the water cleaning (washing) processes. These are being factors that hinder the sealing of holes. In this study with the photon-counting X-ray CT, it is shown that one of the causes concerning the lack of space (hole) sealing is the shape of hole. In the next study, taking CT image in 3D display, it is expected to be able to inspect holes in the aluminum diecasting with more details and precision.
